Background
Introduction
Worldwide, more than 4 million HIV-positive individuals are coinfected with hepatitis C virus (HCV), leading to significantly increased morbidity and mortality [1, 2] . When compared to patients with HCV monoinfection [3] , patients with HIV/HCV coinfection show accelerated fibrosis progression [4, 5] and a higher risk of developing life-threatening complications such as end-stage-liver-disease (ESLD) and hepatocellular carcinoma (HCC). Highly effective directacting antiviral (DAA)-based therapies against HCV infection [6, 7] are currently often restricted to high risk patients due to limited resources in many health care settings [8] . Thus, stratifying patients by their individual risk of developing advanced liver disease represents an important clinical challenge [9] . Several risk factors for accelerated fibrosis progression ratessuch as IL28B C/C-genotype [10, 11] -also referred to as IFNL4, low CD4+ cell counts [5] , uncontrolled HIV-infection [12] , HCV-genotype 3 [13] and low 25(OH)D levels [14] -have previously been identified.
Even though it has been studied intensively in different settings within the last 6 years [15] , the influence of a genetic polymorphism in the patatin-like phospholipase domain-containing 3 (PNPLA3)-gene (rs738409) on liver disease progression in HIV/HCV coinfected patients remains unclear. In contrast to the wild-type, in vitro experiments showed that the mutated PNPLA3-protein lost its triglyceride lipase activity leading to increased triglyceride accumulation in Huh-7 cells and thereby leading to a two-fold increase in hepatic fat [16] . Furthermore PNPLA3 is thought to possess acylglycerol transacetylase activity [17] . Even though the main mechanism of PNPLA3 in vivo is not completely understood, Romeo et al. described its influence on the development of hepatic steatosis and hepatic necroinflammation, thereby increasing the susceptibility for non-alcoholic fatty liver disease (NAFLD) [18] . Recent publications showed a significantly higher risk for hepatic steatosis, more pronounced necroinflammation and an accelerated fibrosis progression rate in HCV monoinfected patients harbouring the PNPLA3 risk allele G [19] [20] [21] . Another study confirmed these findings in HIV monoinfected patients showing a strong correlation between PNPLA3 non-C/C genotype and hepatic steatosis [22] . Moreover, Trépo et al. reported a 2.5 times faster fibrosis progression in HCV monoinfected patients harbouring the major risk genotype (G/G) [23] . The prevalence of the PNPLA3 minor risk genotype (G/C) is reported to be rather high with 36.8-49.2%, while the prevalence of the PNPLA3 major risk genotype (GG) is reported to be 2.2-22.2% in patients with HCV monoinfection [19, 20, 23] . Thus, the PNPLA3 polymorphism seems to play a relevant role in fibrosis progression of patients with chronic hepatitis C (CHC) [20, 21] . To our best knowledge only one previous study from our group [24] examined the influence of PNPLA3 on liver fibrosis progression in HIV/HCV coinfection, but the power of this study was limited by the low number of patients with PNPLA3 G/G risk alleles.
We aimed to assess the impact of PNPLA3 SNP (rs738409) on (i) fibrosis progression rate and development of advanced fibrosis, (ii) liver steatosis, (iii) portal hypertension, and (iv) virological response to PEGIFN/RBV therapy in a large cohort of HIV/HCV coinfected patients.
Patients and Methods
Study population (Fig 1) HIV/HCV coinfected patients referred to the Medical University of Vienna between January 2010 and October 2014 were enrolled in this retrospective study if the following criteria were fulfilled (i) proven chronic HCV-(HCV-RNA detectable) and HIV-infection (anti-HIV1/2 positive), (ii) available liver biopsy or valid measurement of liver stiffness by transient elastography, (iii) being HCV treatment naïve at the time of liver biopsy or transient elastography, and (iv) available genetic testing for PNPLA3 (rs738409) SNP. Patients with other concomitant liver diseases were excluded from this study. HVPG-measurements were performed in 69 patients, CAP™-measurement for evaluation of hepatic steatosis in 34 patients.
Genotyping, blood tests and definitions PNPLA3 (rs738409) and IL28B (rs12979860) genotyping was performed as previously described [25] using the StepOne-Plus Real Time PCR System and a Custom TaqMan SNP Genotyping Assay (Applied Biosystems, Carlsbad, CA, USA) [21] . Alcohol abuse was defined as self-reported actual or former daily alcohol intake of >50g for more than 2 consecutive years. HCV genotype and serum HCV-RNA levels were evaluated using the VERSANT HCV Genotype 2.0 Assay (LiPA) (Siemens, Vienna, Austria) and the COBAS TaqMan HCV Test (Roche, Vienna, Austria). High HCV load was defined by serum HCV-RNA levels >6x10 5 IU/ mL similar to Neukam et al. showing that HIV/HCV-coinfected patients presenting with high HCV load have a lower probability of treatment response to PEGIFN/RBV [26] . High levels of aminotransferases (AST/ALT) were defined as >2x gender specific upper limit of normal (ULN).
Staging of fibrosis and steatosis and calculation of fibrosis progression rate Fibrosis was determined either by liver biopsy (n = 72) or transient elastography (n = 105) (FibroScan, Echosens, France). Advanced fibrosis was defined as METAVIR F3/F4 [27] or liver stiffness >9.5kP [28, 29] . Fibrosis progression rate (FPR) was calculated as METAVIR F-units divided by years since the estimated year of infection. Steatosis was evaluated using the Controlled Attenuation Parameter (CAP™) module of the FibroScan 1 device [30] . According to M.
Sasso et al. a CAP™-value !222 dB/m identifies patients with significant steatosis (!S1 according to METAVIR) [30] .
Measurement of portal pressure by the hepatic venous pressure gradient (HVPG)
Physiological HVPG is usually between 2-5mmHg in healthy individuals-therefore elevated portal pressure is defined as HVPG !6mmHg [31] . Reports showed that a minimal portal pressure of 10-12mmHg is required for the development of varices-therefore clinically significant portal hypertension (CSPH) is defined as HVPG !10mmHg [32] .
Treatment of Chronic Hepatitis C
Virological response rates were available in 101 patients who underwent antiviral therapy with PEGIFN/RBV.
Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics 22 (SPSS Inc., Vienna, Austria). Continuous variables are reported as mean±standard deviation or median (interquartile range (IQR)). Categorical variables are shown as numbers (proportions) of patients with the respective characteristics. Pearson's chi-squared test or Fisher's exact test were used for group comparisons of categorical variables, while continuous variables were analysed by Mann-Whitney-U-test or Student's t-test, when applicable. Binary logistic regression analysis was used for determination of factors independently associated with advanced fibrosis. A p-value 0.05 was considered statistically significant. A power analysis was performed based on the data from a previous study by Trepo et al. [23] assessing the impact of PNPLA3 on fibrosis progression in HCV monoinfected patients indicating advanced fibrosis (METAVIR F3 or F4) in 60.5% of G/ G patients and 38.7% of C/C and C/G patients (dominant model). Defining an alpha error (0.05) and a power (1-ß) of 0.80, the power analysis computed a required sample size of 174 patients. As a recent publication [33] showed no influence of PNPLA3 SNP on liver disease progression in HCV-GT3 patients, we repeated all analyses for the cohort without including HCV-GT3 patients (n = 38).
Ethics
This study was conducted with approval of the ethics committee of the Medical University of Vienna (EK 1369/2012) and written informed consent was obtained from all patients.
Results
Patient characteristics (Table 1) One hundred seventy-seven HIV/HCV coinfected patients were included. Out of those 70 (39.5%) patients were also included in the previous study of our group [24] . The majority of patients was male (75.7%) with a mean age of 38.6±9.9 years and BMI of 23.1±4.3 kg Ã m -2 . Forty-two patients (23.7%) had a history of or current alcohol abuse. The most common route of infection was intravenous drug-use (IVDU, 72.9%) with a mean duration of infection of 11.5 ±10.0 years. Most patients (66.7%) had high levels of HCV-RNA (>6 Ã 10 5 IU/mL) and were on cART (83.1%) and thus, showed low HIV viremia (1.91±1.1 log10 copies/mL). Immune status was well preserved as reflected by a mean CD4+ T lymphocyte (CD4+) cell count of 528±263 cells/μL. In regard to PNPLA3, nine patients (5.1%) were tested positive for the major PNPLA3 risk genotype (G/G), 66 (37.3%) for the minor risk genotype (G/C) and 102 (57.6%) had no risk allele (C/C). The distribution of IL28B genotype was: 18 (10.2%), 101 (57.1%) and 57 (32.2%) for T/T, T/C and C/C, respectively.
Liver disease parameters (Table 1, Fig 2)
Thirty-one (17.5%) patients had METAVIR F0 fibrosis, 45 (25.4%) F1, 58 (32.8%) F2, 20 (11.3%) showed bridging fibrosis (F3), and 23 (13.0%) had established cirrhosis (F4). The mean fibrosis progression rate (FPR) was 0.23±0.33 METAVIR F-units/year. Mean AST and ALT were 66.5±43.7 IU/mL and 88.7±82.8 IU/mL, respectively. The majority of patients showed elevated levels of AST (60.0%) and ALT (65.5%).
34 patients (19.2%) underwent non-invasive steatosis assessment showing CAP results of 209.5±51.1dB/m. HVPG was measured in 69 (39.0%) patients who had a mean HVPG value of 4.2±2.8mmHg. Elevated portal pressure (HVPG!6mmHg) was observed in 13 patients (18.8%) and clinically significant portal hypertension (HVPG !10mmHg) in 4 patients (5.8%) [34] .
Influence of PNPLA3 risk alleles on liver disease (Table 1, Fig 2) Almost half of the patients (n = 75, 42.4%) were tested positive for a PNPLA3 major or minor risk allele (G/G or G/C). Most importantly, the prevalence of established risk factors for advanced fibrosis or accelerated fibrosis progression (such as prior alcohol abuse, HCV-GT3, low CD4+ nadir, etc.) was comparable between patients with and without PNPLA3 risk alleles. The (estimated) duration of HCV infection was similar in patients with PNPLA3 C/C, when compared to patients with PNPLA3 C/G or G/G with 11.3±9.2 and 11.8±11.1 years, respectively (p = 0.88). Patients with a PNPLA3 risk allele showed significantly higher ALT-levels (109.0±103.5 vs. 74.1±60.0 IU/mL; p = 0.02) and AST-levels (74.8±45.8 vs. 60.5±41.3 IU/mL; p = 0.03). Moreover, there was a trend toward higher y-GT-levels (146.5±129.3 vs. 113.5±106.0 IU/mL; p = 0.06) when compared to patients without a PNPLA3 risk allele. There was no difference in METAVIR fibrosis stage (both median F2 (range 1-4; p = 0.11)), nor mean liver stiffness (median 6.8 (3.3) vs. 6.4 (3.9)kPa; p = 0.33) between patients with and without a PNPLA3 risk allele.
Comparison of PNPLA3 risk allele prevalence between patients with or without advanced fibrosis One fourth of patients (n = 43, 24.3%) had advanced fibrosis (F3/F4). Not surprisingly, patients with advanced fibrosis showed a significantly longer duration of infection (16.2±9.6 vs. 10.0 Liver steatosis in patients with or without PNPLA3 risk allele (Table 1 , Fig 2) Liver steatosis-as assessed by CAP-was comparable between patients with PNPLA3 C/C and PNPLA3 non-C/C patients (215.5±59.7 vs. 203.5±41.9dB/m; p = 0.56).
Subgroup analysis of patients with available HVPG-measurement
Sixty-nine (39.0%) patients underwent HVPG-measurement and almost half of those patients (n = 29, 42.0%) were tested positive for a PNPLA3 major or minor risk genotype. Harbouring a PNPLA3-risk allele in this subgroup of patients was associated with a non-significant trend towards a higher bilirubin levels (0.93±0.73 vs. 0.74±0.47 mg/dL;p = 0.07) as well as higher ALT levels (109.6±89.3 vs. 71.6±47.0; p = 0.09). The mean HVPG-value, however, was comparable between patients with and without a risk allele (3.9 ±2.6 vs. 4.4±3.0mmHg; p = 0.47).
Similarly to the results obtained in the entire cohort, there were no differences in presence of advanced fibrosis (24.1% vs. 42.5%; p = 0.11) and CAP-value (p = 0.27) between patients with and without PNPLA3 risk alleles.
Influence of PNPLA3 on fibrosis progression, hepatic steatosis and HVPG after exclusion of HCV GT-3 patients PNPLA3 genotype and virologic response to PEGIFN/RBV therapy (Table 3) 101 (57.1%) patients received antiviral therapy with PEGIFN/RBV. Among these, fifty-eight (57.4%) patients achieved sustained virologic response (SVR).
When comparing the SVR rates between patients with major, minor or no PNPLA3 risk allele after grouping patients according to their IL28B-genotype, there was no statistically significant difference: Both RVR rates (p = 0.37 for IL28B-C/C, p = 0.12 for IL28B-T/C, and p = 0.62 for IL28B-T/T) and cEVR rates (p = 0.43 for IL28B-C/C; p = 0.34 for IL28B-T/C, and p = 0.56 for IL28B-T/T) were similar across different PNPLA3 genotypes. Moreover, SVR rates (p = 0.26 for IL28B-C/C, p = 0.65 for IL28B-T/C and p = 0.22 for IL28B-T/T) were similar in all PNPLA3 groups. 
Discussion
Our study provides novel data on the impact of a PNPLA3 risk allele on liver fibrosis progression in HIV/HCV coinfection. In addition, this is also the first study to investigate the influence of the PNPLA3 on development of hepatic steatosis and portal hypertension in a large cohort of the special population of HIV/HCV coinfected patients. Stratification of patients according to their individual risk of developing cirrhosis and portal hypertension has become a major health issue in HCV monoinfection and HIV/HCV coinfection. In the era of IFN-free, DAA-based therapies that can cure up to 95% of all HCV infections [6] [7] [8] , the main limitation of initiating HCV-treatment has shifted from side effects and contraindications [35] to socioeconomic issues (costs) [8] . Thus, predictors of disease progression to optimize treatment prioritization are of important clinical relevance.
Fibrosis progression rate has been extensively studied in HIV/HCV coinfected patients within the last years [4, 9, 24, 36] but genetic predictors for high FPR have yet to be investigated [36] . Although paired liver biopsy samples are still considered a gold standard to assess fibrosis progression [36] , non-invasive tests have been validated for staging liver fibrosis in HIV/HCV coinfection and have developed into the standard tool in clinical practice [37] . In our study, we used both liver biopsy and transient elastography to assess liver fibrosis [38] .
PNPLA3 SNPs were associated with increased liver fibrosis progression in HCV-monoinfection [39, 40] , HIV-monoinfection [41] and other etiologies of liver disease [20] . Interestingly, even though we observed an increased inflammatory activity in patients harbouring a risk allele as reflected by the elevated transaminases, in our study there was no significant impact of a PNPLA3 risk allele on fibrosis progression or on the development of advanced fibrosis-neither in an univariable nor in a multivariable model. While PNPLA3 was not associated with advanced fibrosis in our cohort of HIV/HCV coinfected patients, HCV-GT3, age and BMI were independently associated with advanced liver fibrosis. Although there was only a trend toward a higher risk of advanced liver fibrosis in patients with low CD4+ nadir, we would not challenge the relevance of CD4+ nadir as a determinant of liver disease progression. As liver PNPLA3 rs738409 SNP in HIV/HCV disease progression in this special population of HIV/HCV coinfected patients is accelerated due to several mechanisms including an altered cytokine environment, higher levels of reactive oxygen species [42] , impaired cellular immune system [5] , and other consequences of HIV infection [43] , it seems that in HIV/HCV coinfection an additional "hit" of PNPLA3 high risk genotype does not have a significant impact. This hypothesis is supported by the similar prevalence of portal hypertension among the different PNPLA3 genotypes. The presence of hepatic steatosis accelerates liver fibrosis progression in HCV monoinfection as well as in HIV/HCV coinfection [44, 45] . Several risk factors for liver steatosis, such as increased body weight, HCV-GT3, insulin resistance and other hallmarks of the metabolic syndrome [46] have already been established. In our HIV/HCV coinfected patient cohort we used the CAP™-Module of the FibroScan 1 device for evaluation of steatosis [47] . CAP has been validated for patients with HCV monoinfection by Sasso et al. showing that a CAP-value !222dB/ m identifies patients with significant hepatic steatosis [30] . In accordance with previous studies describing a prevalence of hepatic steatosis of 24-75% in HIV/HCV coinfected patients [46, 48, 49] , 52.9% of our patients had significant hepatic steatosis. When comparing patient groups with different PNPLA3-genotype, we could not find a difference in the prevalence of hepatic steatosis across the groups. A recent study by Ampuero et al. [33] showed a significant influence of PNPLA3 G-allele on steatosis in HCV monoinfected patients being infected with HCV GT1, but not in those with HCV GT3 infection. Following this finding we performed another analysis after exclusion of HIV/HCV GT3 patients-but the results were comparable to those obtained from the entire cohort. The majority of our patients was young, had non-adipose BMI, and only very few patients had diabetes mellitus (n = 10, 5.65%). We might speculate that in non-adipose young patients with HIV/HCV coinfection other causes of liver steatosis such as HCV GT3 or metabolic factors might play a more important role than the PNPLA3 genotype. However, the conclusion that the presence of a PNPLA3 risk allele has no impact on development of significant liver steatosis in HIV/HCV coinfection is limited by the low patient number in this subgroup analysis. Even in the era of DAAs, the former standard therapy for chronic hepatitis C (CHC)-treatment, PEGIFN/RBV, remains important and will continue to be used in resource-limited settings. Well-established factors predicting virological response to PEGIFN/RBV-treatment in HIV/HCV coinfection include HCV GT, HCV-RNA, IL28B [26] , liver fibrosis, insulin resistance, low-density lipoprotein (LDL)-cholesterol-levels [50] , low CD4+ counts and nadirs [51] and y-glutamyltransferase (GGT) levels [50] . Previous studies showed no impact of PNPLA3 high risk alleles on treatment outcome in unselected CHC patients [23] , but in a selected subgroup of HCV GT 1/4-patients with advanced fibrosis [52] . Thus, we also analyzed SVR rates in our HIV/HCV coinfected patients receiving PEGIFN/RBV therapy stratified by IL28B and PNPLA3-polymorphisms. No statistically significant differences in treatment outcomes were observed. However, all 4 patients with the PNPLA3 major risk genotype G/G in the group with IL28B C/C genotype achieved SVR, indicating that the presence of a PNPLA3 risk allele does at least not impair virological response in patients with favorable IL28B genotypes.
In summary, the PNPLA3 (rs738409) SNP is neither associated with faster liver fibrosis progression, nor with advanced fibrosis nor significant hepatic steatosis in HIV/HCV coinfection. Moreover, HIV/HCV coinfected patients with a PNPLA3 risk allele are not at increased risk for development of portal hypertension and show similar SVR rates to PEGIFN/RBV therapy.
As the prevalence of the PNPLA3-high risk genotype (G/G) is reported to be very low in European CHC collectives (3-12% [23, 39, 53] , being 5.1% in our cohort and 5.4% in another Austrian collective [40] ) and the presence of a high-risk PNPLA3 allele did not show any impact on liver disease progression in HIV/HCV coinfection, we would not recommend to use PNPLA3 genotyping in daily clinical routine. 
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